During light work using the arm in a warm environment,
.This observation has been repeatedly confirmed (BERGGREN and CHRISTENSEN,1950; EICHNA et al.,1950; WYNDHAM et al.,1952-3; LIND,1963 regulatory vasodilation,and increased conductive heat flow from the exercising muscles.For arm exercise,a subject clad in shorts only sat on a chair with his elbow placed on a table.He grasped a handhold and pulled a weight of 1 to 5kg using a pulley by forearm flexion for a vertical distance of 0.25m,25times per min paced by a metronome for a period of 4 or 30min.For leg exercise,a Monark bicycle ergometer was pedalled for 50 revolutions per min for 10,50 or 60min at intensities of 0,0.5,1.0,1.5 or 2.0kp.In one experiment,the bicycle ergometer was operated by both arms at 50 rpm for 60min at 0.5kp.Thermocouples and a gas mask for collection of expired gas were used while the subjects were sitting on the chair or on the bicycle ergometer in the climatic chamber.
The bicycle ergometer was mounted on a Potter bed balance with a sensitivity of 1g in order to continuously record decrease in body weight throughout the experimental period.Local sweating was checked by the iodine-starch method. Expired gas was collected every 5min successively in Douglas bags,and was analyzed in duplicate by a Haldane apparatus.The mean skin temperature was calculated by averaging regional temperatures weighed according to the 8-point system (HARDY and DUBOIS,1938 exercising arm;the skin temperature of the right forearm fell in a similar fashion by exercise of either the right arm or the left arm at the same level of work intensity.Fall in forearm skin temperature was also caused by sustained arm flexion.These results indicate that the decrease in skin temperature is not exercise specific and refute the possibility that increased convective heat loss due to arm movement causes a decline in skin temperature.The results of Fig.1 were confirmed repeatedly in other subjects.The tendency noted was that,at the returned to the resting level.Skin temperatures of the head,arm,and chest did not change significantly.The metabolic rate increased from the resting level of 51W/m2 to 120W/m2 in the initial 5min of work,then increased gradually to 160W/m2 in the last 5min period.Similar results were obtained in two other subjects H.S.and H.I.Skin temperature of the foot,leg and thigh did not change when the bicycle ergometer was operated by arms,even though the work intensity 
DISCUSSION
A transitory reduction in skin blood flow at the beginning of work was first mentioned by CHRISTENSEN and NIELSEN(1942a) .During the heaviest work, close to the subject's work capacity,they observed the largest and most prolonged reduction in blood flow using a finger plethysmograph.In accordance with the decreased blood flow,a more gradual fall in skin temperature was registered simultaneously at the beginning of work.Because of the instantaneous reduction in blood flow,the cause of vasoconstriction was attributed to purely nervous origin.The expectation of work,however,plays no part in evoking vasoconstriction.When finger blood flow was low in a cool environment,there was no decrease in blood flow with the onset of exercise,but there was an increase in the later part of exercise as in a warm environment (CHRISTENSEN and NIELSEN,1942b) . This is consistent with the results shown in Fig.2 ,that the drop in skin temperature at the beginning of exercise is not observed in a cool environment.
During the first few minutes of leg exercise,the skin blood flow fell and then gradually increased to above resting levels in the hand (BisHoP et al.,1957; ZELIS et al.,1969; BEVEGARD and SHEPHERD,1966; KAMON and BELDING,1969) . JOHN-SON et al.(1974) measured forearm skin blood flow during exercise and suggested that the increase is a net result of competition between vasoconstriction due to exercise and vasodilation due to increasing body temperature.They also mentioned that,'increased vasoconstrictor outflow to skin reduced its response to thermoregulatory stimuli.This alone would contribute in a major fashion to elevated body temperature in exercise.' The results obtained in this study clearly indicate that work causes a fall in skin temperature over the exercising muscles when the skin is well vasodilated,but produces a rise only when the skin is strongly vasoconstricted.In other words,skin temperature during exercise is dependent on two competitive factors,one is a vasoconstrictor response,which lasts as long as the work is continued,and the other is a vasodilator response as well as increased conductive heat flow from the underlying muscles.The magnitude of these two responses seems to be constant at the same work intensity,but the net responses are apparently modified by the pre-exercise state of cutaneous vasomotor tone.Thus,at higher skin temperature,the constriction effect overwhelmed the dilation effect,while the opposite occurred at lower temperature.
As soon as the subject started to work,the skin temperature began to fall before the onset of sweat secretion and the end of work was followed by a quick rise.Fall in skin temperature is particularly significant in the hand and foot,and the skin area of the exercising muscles.Skin temperature of the right forearm fell in response to left arm ixercise.All of these facts indicate that the fall in skin temperature is of nervous origin.
Considering static and dynamic work and the fact that they cause the same rate of heat production, NIELSEN,B.(1975) found that increased sympathetic and adrenal activity were observed during static work,but elevation in core temperature and increase in sweating were the same in both types of work.Her results did not support the hypothesis that a high sympathetic tone should force the core temperature upwards.Light exercise with the arm caused a fall in skin temperature in the arm and chest only,but not in the lower half of the body. These localized responses ,suggest that reflex vasoconstriction takes place at the level of the spinal cord. of work.The heat dissipated, therefore,is not enough to counter-balance the heat production,thus resulting in an increase in body heat storage. The rise in internal temperature during work has been discussed with regard to whether the set-point is elevated,lowered or unchanged (SNELLEN,1972; BLIGH, 1973) .The present study supports the view that the set-point is unchanged during work in so far as shift of set-point means some change occurring in the thermoregulatory center such as might be the case during a fever.During work, efferent activities from thf heat loss center must be operating in full response to the heat load as they do in the case of heat exposure.But before reaching effector organs,they are interrupted at the spinal level by non-thermal neural activity. Teleologically,the rise in core temperature might be useful in the performance of physical work.The que stion,however,remains to be solved as to how the elevated core temperature,even though it is caused by non-thermal reflex,can not be balanced out by an increased heat loss response.Although the effect of thermoregulatory heat loss response is partially reduced by reflex vasoconstriction, the magnitude of the primary response should be equal to that of the total heat production.What is probably regulated within the body is not the body temperature,but the heat balance, This work was supported in part by grants from the Ministry of Education of Japan.
